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^ Abstract 
(N 

• We reexamine the novel phase diagrams of antiferromagnetism (AFM) and high-Tc superconductivity (HTSC) for a disorder- 
ed Jree Cu02 plane based on an evaluation of local hole density {p) by site-selective Cu-NMR studies on multilayered copper oxides. 
'"I Multilayered systems provide us with the opportunity to research the characteristics of the disorder-free CUO2 plane. The site- 
I ^elective NMR is the best and the only tool used to extract layer-dependent characteristics. Consequently, we have concluded that 
the uniform mixing of AFM and SC is a general property inherent to a single CUO2 plane in an underdoped regime of HTSC. The 
T=n phase diagram of AFM constructed here is in quantitative agreement with the theories in a strong correlation regime which 
^ is unchanged even with mobile holes. This Mott physics plays a vital role for mediating the Cooper pairs to make Tc of HTSC 
O very high. By contrast, we address from extensive NMR studies on electron-doped iron-oxypnictides Lai 111 compounds that the 
^ increase in Tc is not due to the development of AFM spin fluctuations, but because the structural parameters, such as the bond angle 
5—1 ft of the FeAs4 tetrahedron and the a-axis length, approach each optimum value. Based on these results, we propose that a stronger 



C/2 



correlation in HTSC than in FeAs-based superconductors may make Tc higher significantly. 
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1. Introduction 

Despite more than 24 years of intensive research, the origin 
of high-temperature copper-oxide superconductivity (HTSC) 
Jias not yet been well understood. HTSC can be observed 
on a CUO2 plane when an antiferromagnetic Mott insulator 
is doped with mobile carriers. A strong relationship between 
antiferromagnetism (AFM) and superconductivity (SC) is be- 
lieved to be the key to understanding the origin of remark- 
ably high ^C transition temperatures IlLJ^Jl 0, 0, S S 
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ter of fact, site-selective ^^Cu-NMR studies on multilayered 
cuprates revealed that AFM uniformly coexists with SC in a 
single CUO2 plane 12^, 21, 22, 23, 24, 25|; Square-type in- 
ner CUO2 planes (IPs) are located so far from the charge reser- 
voir layers (CRLs), in which the disorder is introduced by the 
phemical substitution, exhibiting homogeneous hole doping. In 
the previous papers, the NMR investigations of five-layered 
{n-5) c ompoun ds 1I20I 22 , 25 ] and four-layered (n-A) com- 



pounds 11211 123L 12411 have revealed that the AFM quantum criti- 
cal point (QCP) takes place around the hole densities pc ~ 0. 17 
and ~ 0.15, respectively. These pcS are significantly larger than 
Pc ~ 0.02 for La2-,SrtCu04 (n=l:LSCO) lE] and p, ~ 0.055 
for YBa2Cu306+y(n=2:YBCO) (xf]. Furthermore, ~ 0.22 
giving rise to the maximum of T^ for the n - 4 and n-5 com- 
pounds is also larger than p„,„^ ~ 0. 16 for the n=2 compounds. 
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Upon doping with holes or electrons-e.g., by replacing some 
of the out-of-plane atoms with different oxidation states- AFM 
is destroyed and the materials become superconductors at lower 
temperatures. For example, in LSCO, La^^ is exchanged with 
Sr^^, which increases the planar CUO2 hole density. The sit- 
uation with the in-plane hole density and distribution in other 
superconducting cuprates is even less clear Indirect chemical 
methods like solid solutions |28], semiempirical bond valence 
sums determined from structural bond lengths |29i Isoi [31I1 or 
methods based on the Fermi surface topology [32] are used to 
determine the hole density. To the best of our knowledge there 
are no direct physical measurements that can establish a phase 
diagram in terms of the planar CUO2 hole density. 

Under this situation, using NMR/NQR (nuclear quadrupole 
resonance) that can distinguish between the various atoms in 
the unit cell, Zheng et al. had attempted to interpret the nu- 
clear quadrupole interaction for planar Cu and O, in terms of 
the local hole densities (see, e.g., Ref . i33ll and references cited 
in it). This is indeed a sensible approach since the electric field 
gradient (EFG) at a nuclear site is very sensitive to changes 
in the local charge distribution, namely the planar Cu and O 
EFG's show a pronounced doping dependence. In these analy- 
ses, Zheng et al. used the experimental data available until 1995 
with the help of atomic and cluster calculations to connect the 
hole densities to the EFG tensors for Cu and O. Furthermore, in 
order to estimate each hole density at IPs and pyramidal outer 
planes (OPs) in multilayered compounds, we have used an em- 
pirical relationship between the spin component in Knight shift 
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Figure 1: (Color online) Temperature dependence of ^^f for (a):Hg-1245(UD)#2 {Tc=82K) (H, (b):Hg-1245(UD)#3 (7'c=92K)_j2l, (c):Hg-1245(OPT)#l 
(Tr=108K) (3S\. (d):Hg-1245(OPT)#2 (rt.=110K) f22'l, (e):Tl-1245(OVD) (7'c=100K) (HHil, and (f):Cu-1245(OVD) (r,.=90K) fST^The hole density p for 
IPs and OPs is independently estimated using the renewed relationship of p versus S'j(RT), p =0.502A'j(RT)-0.014 L35.1 (see the text). Layer-dependent physical 
properties are summarized in lower panels. 



A'5(RT) at room temperature and the planar Cu02 hole density 
(p) determined with NMR/NQR. 



Meanwhile, Hasse et al. 13411 performed an almost model 
independent analysis to relate the hole densities to the EFG 
tensors without relying on calculations and with the exten- 
sive experimental data until 2004 including those for the par- 
ent compounds of LSCO and YBCO. On the basis of this 
more precise analysis to relate the hole densities to the EFG 
tensors than before 133.1 , Shimizu et al. [35], have con- 
structed a phase diagram of the n-2 apical-fluorine compounds 
Ba2CaCu2O4(F,O)2(0212F) using a renewed empirical relation- 
ship of /r5(RT) versus p. Remarkably, thus obtained phase dia- 
gram has coincided with the well established ones for the n-2 
YBCO and Bi2Ba2CaCu208+y (Bi2212), exhibiting the maxi- 
mum of Tc at Pmax~ 0.16. Thus, the universal phase diagram 
has been established on the n-2 compounds independent of 
the methods to estimate the hole densities. Motivated by this 
fact, in the first part of the paper, we reexamine the phase di- 
agrams of AFM and SC in mul tilay ered compounds reported 
extensively in the literatures 



In the second part, we review extensive NMR studies on 
electron-doped iron-oxypnictides Lai 11 1 compounds in order 
to shed light on novel normal-state properties and their rele- 
vance with unique SC characteristics and address remarkable 
differences from those in HTSC. 



2. High-rc cuprates 

2.1. NMR results on five-layered (n— 5) compounds 

Fig. [T] shows temperature (T) dependence of the spin com- 
ponent of Knight shift Kf'iT) (± the c-axis) for n—5 com- 
pounds such as (a) Hg-1245(UD)#2 (rc=82K) fB], (b) Hg- 
1245(UD)#3 (rc=92K) \2^, (c) Hg-1245(OPT)#l (r,=108K) 
il, (d) Hg-1245(OPT)#2 (r,=110K) |22], (e) Tl-1245(OVD) 
(r,=100K) E H, and (f) Cu-1245(OVD) (r^^QOK) 
/rs(RT) at room temperature is proportional to the planar Cu02 
hole density p 11331 13711 . Here, p for IPs and OPs is indepen- 
dently estimated using the renewed relationship of p versus 
Ks{RT), ;?=0.5027i:,(RT)-0.014 til. 

In the T dependence of Kf'{T){OV), an unusual upturn 
was observed below temperatures marked by up-arrows in 
Figs.l(a)-(e), below which the linewidth of ^^'Cu-NMR spec- 
tra at OPs steeply increases. Note that this upturn in K"''(T) at 
OPs was associated with an onset of AFM order at IPs, which 
was also corroborated by a critical enhancement of l/Ti in the 
previous studies on the other Hg-1245 compounds 11221 13611 . 
As a result of reduction of hole densities, it was demonstrated 
that the Neel temperature at IPs increases from 7^-45 K 
for (e) Tl-1245(OVD) (r,=100 K) E Q to 7^=150 K for 
(a) Hg-1245(UD)#2 (7^=82 K) lHj. Layer-dependent physical 
properties are summarized in lower panels of FigsfTla-f). 

Spontaneous AFM moments Mafm(IP) at IPs and OPs for the 
n=5 compounds were determined with the zero-field Cu-NMR 
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at 1 .5 K. This is because an internal field (Hint) is induced by 
Mafm(IP) at the Cu sites in IPs and OPs. Mafm(IP) is evalu- 
ated by using the relation //i„t(IP)=|Ahf(IP)|MAFM(IP) with the 
hyperfine coupling constant Ahf(IP)--20.7 T/ub 1361 . The de- 
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tails are referred to the literatures 11221 |25L l36ll . The values of 
^afm(IP) ranging in 0.04-0.20;Ub are significantly reduced by 
the mobile holes from 0.5-0.7jUb in undoped cuprates 1 3^ 40ll . 
This is consistent with the conclusion of neutron diffraction 
measurement on (a) Hg-1245(UD)#2 (r,.=82 K) fl^; their 
magnetic moments were suggested to be less than 0.3/iB if any, 
since a Bragg intensity, that enables to estimate Mafm, was 
not apparent |4l. The NMR outcome on (a) Hg-1245(UD)#2 
{Tc=^2 K) ensures that the SC with rc=82 K uniformly coex- 
ists with the AFM order of Mafm(OP)~ O.OSyUB at OPs 1251. 
This result convinces along with the previously reported ones 
that the uniform coexistence of AFM and SC is a general event 
for homogeneously underdoped CuOa plane. Coexisting state 
of AFM and SC order are known in multi-band materials where 
the AFM order occurs in localized d- and /-bands and the SC 
order in s- and /?-bands. However, HTSC is characterized by 
only a single electron fluid composing of Cu-O hybridized elec- 
trons. In such case, one may expect competition rather than co- 
existence between the two types of orders, but it is worth noting 
that the Tc of the coexisting phase is relatively high {Tc ~ 82 
K), revealing the close relationship between AFM order and SC 
order. 

2.2. Phase diagram of Cu02 plane 

In Figs. |2ja)-(d), we present the phase diagrams of AFM 
and SC for (a) the «=1 LSCO, (b) the n=2 111 and (c) the 
n=4 apical fluorine systems 12 U l23l 124 13811 . and (d) the n-5 
compounds l22l 12511 . In these phase diagrams, and 
are plotted as the function of p. Here the solid and empty 
squares correspond to the respective data for IPs and OPs. It 
should be noted that the phase diagram of the »=2 apical flu- 
orine compounds does not reveal an AFM order 13511. This 
phase diagram resembles the well-established phase diagram of 
YBCO H in which AFM order totally collapses at pc ~ 0.055. 
However, an AFM order takes place for the n=4 and 5 com- 



pounds IM |22l |23l IM |25|, IMl- It is noteworthy that p,. at 
which AFM order collapses increases from /?c=0.10 to 0.12 as 
n increases from 4 to 5. This result suggests that interlayers 
magnetic coupling ylJcJomin) becomes stronger with increas- 
ing n, which stabilizes the AFM order. Here, is magnetic 
coupling between interunit cells, which is independent of n, but 
Joutin) is magnetic coupling between intraunit cells, which in- 
creases with n. The characteristic features are summarized as; 
(1) the respective pc ~ 0.10 and 0.12 for the n-4 and 5 com- 
pounds are significantly smaller than pc ~ 0.15 and 0.17 which 
were estimated in the previous papers 

This is because the previous analysis had overestimated p using 
the experimental data available data until 1995 with the help of 
atomic and cluster calculations to connect the hole densities to 
the EFG tensors for Cu and O. (2) The maximum of for each 
compound takes place universally around p^ax ~ 0.16. It is 
noteworthy that the highest Tc happens for the n=3 compound 
as expected. 
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Figure 2: (Color online) The phase diagrams of AFM and SC for (a) the n=l 
LSCO, (b) the n=2 and (c) the n=4 apical fluorine systems (H |^ H, [H, 
and (d) the n=5 compounds {23.l23l . In these phase diagrams, and Tc are 
plotted as the function of p. Here the solid and empty squares correspond to the 
respective data for IPs and OPs. 



2.3. The T—0 phase diagram of AFM and superexchange inter- 
action with doping 



Fig. |3ta) shows a plot of the Mafm at r=1.5 K versus p 1121 
22|,|23l|24l|25l|38|l, where the datum at p-Q for a Mott insulator 
is cited from the infinite-layered (« = oo) AFM-Mott insula- 
tor Ca().85Sr().i5Cu02 with rA,=537 K and Mafm^Q-SIpb IH- 
The phase diagram of Mafm versus p presented here is to- 
tally consistent with the T-Q phase diagrams in a single Cu02 
plane which were theoretically addressed thus far in terms of 
either the t-J model flSBSSHIilHEIllS, or 
the Hubburd model in a strong correlation regime 11161 11711 . A 
critical hole density pc at Mafm=0 taking place in the range 
0.10< Pc <0.12 is in quantitative agreement with the calcu- 
lations. Fig. [3lb), which shows a plot of Tf^ versus Mafm, 
helps us to gain further insight into the p dependence of in- 
plane exchange interaction Jiaip)- In this figure, data are 
presented with respect to Cao.gsSro.i^uOa having n - oo 
for p=0 
pound 1122 




the n-A compound 02411 . and the n-5 com- 
On the basis of the mean-field approximation 
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Figure 3: (Color online) (a) Plot of Mafm at T =1.5 K versus p f23, l24ll40ll. 
Pc at Mafm=0 is around ~ 0. 11. (b) Plot of Tn versus Mafm 121. j3i 124 
IM m, 1^ 1131. The broken curve shows Tjv oc M^p^ with r,v=537 K at 
Mafm=0.51//s in Cao85Sro.i5Cu02 l40ll where n = oo. The arrow points to 
Mafm ~ 0.18//^. 



of localized spins, we assume that ^afm' ■/out(°°) 

and 7in(oo) for Cao.ssSro.isCuOi stay constant regardless of p. 
Using Tn-52>1 K at Mafm =0.51 /"b for Cao.85Sro.i5Cu02, a 
graph of °^ ^afm plotted, which is indicated by the 
broken curve in Fig. Hb). First, we notice that even though 
Mafm ~ 0.18 i^b remains constant (shown by an arrow in 
Fig-EJb)), Tff(n) increases due to the increase in 7out(n) as n in- 
creases from 4 to 5, namely, 7out(4) < ./out(5). Although and 
Joutin) values for n=4 and 5 are always smaller than 7out(°°) 
in Cao.85Sro.i5Cu02, TN(n)~Ml^-p^(p)[Jin(p) y/jj^jji)]^'^ ai-e 
lai-ger than rw(<x))~M2p„(p)[7in(cx,)7„„(cx,)]i/2 with r^=537 
K at Mafm=0.51jUb and p=Q (see the broken curve in 
Fig. |3lb)); we also obtain an unexpected relation, i.e., Jmip) > 
7ijj(oo) ~ 1300 K. The two experimental relationships-the plot 
of Mafm versus p shown in Fig. [3ja) and the plot of ver- 
sus Mafm shown in Fig. [3lb)- suggest that the AFM ground 
state in the homogeneously hole-doped Cu02 layers is deter- 
mined by p, '\/JcJout{n) and Jin{n,p), which is larger than 
7i„(oo) ~ 1300 K. It is surprising that 7in(/:') becomes larger 



for hole-doped AFM CuOi planes than for undoped AFM-Mott 
insulators. Mean-field theories of HTSC used to consider the 
Heisenberg superexchange interaction 7in as the source of an in- 



stantaneous attraction that led to pairing in a d-wave state 04211 . 
The present outcomes may support such a scenario experimen- 
tally as far as the underdoped region is concerned, where AFM 
and SC uniformly coexist in a CuOa plane. 



2.4. Summary on high-Tc cuprates 

The site-selective NMR studies on multilayered compounds 
has led us to the following remarkable conclusions based on 
the more precise evaluation of local hole density ip) 04ll than 
before 13311 : 

1. The r=0 phase diagram of AFM which is experimentally 
determined in Fig. [3la) is in quantitative agreement with 
the T-Q phase diagrams in terms of either the t-J model HI 

or the 

Hubburd model in the strong correlation regime Om llTIl . 

2. Tf^ increases as the intraunit cell magnetic coupling 7out(«) 
increases with increasing n. 

3. The in-plane exchange interaction Jinip) for the n - 4 
and 5 compounds is larger than Jin{°<^) ~ 1300 K for the 
infinite-layered AFM-Mott insulator Cao gsSro 15CUO2. 



While noting that exhibits the maximum at p^ax ~ 0. 16 close 
to pc ~ 0. 11 at the AFM-QCP regardless of «, the results pre- 
sented here demonstrate that both AFM and SC are mediated 
by AFM interaction, which also acts the glue for the Cooper 
pairs [42] and hence makes Tc of HTSC very high. It is high- 
lighted that the on-site Coulomb repulsive interaction is almost 
unchanged with doping, being almost the same as in AFM- 
Mott insulators. Further theoretical study is desired to address 
whether Ji„(p) becomes larger than for AFM-Mott insulators 
even though mobile holes are doped. 

3. NMR studies on electron-doped iron-oxypnictides 



A new class of SC compounds including iron element has 
been discovered f43\. In all the cases of this class, Fe-3d con- 
duction electrons are likely to form Cooper pairs and respon- 
sible for SC. However, the mechanism of SC is not well un- 
derstood and is under extensive debates. In the family with 
ZrCuSiAs-type structure (called 1111 hereafter), SmFeAs(OJF) 
has shown the highest SC critical temperature =56K ll44ll 
when fluorine is substituted for 20% of oxygen as electron dop- 
ing, while BaFe2As2 with ThCr2Si2-type structure (called 122) 
has indicated the highest rc=38 K, when potassium is substi- 
tuted for 40% of Ba as hole doping l'45'l. It is not yet addressed 
why Tc is highest in the Lnl 1 1 1 system. Recently, it has been 
reported that Tc can be increased by either a Y or a H substi- 
tution in the Lallll system without replacing magnetic rare- 
earth elements |46, 47 ^8], in which the angle a of As-Fe-As 
bonding and the a-axis length approach those of the Ndllll 
system with the highest Tc to date |4^ [s^l- There is a 
way to address the intimate correlation between the evolution 
of electronic state and the local structure of the FeAs4 tetrahe- 
dron. 
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Here, we review on normal-state and SC characteristics 
on Lallll compounds through extensive NMR measure- 
ments JsjJ]. We focus on evolutions of the electronic state 
derived by Y- and H-substitution in the Lallll compounds 
and address why T^s in these compounds are enhanced. The 
substitutions of yttrium (Y) and hydrogen (H) into optimally- 
doped LaFeAsOi-,, (Lai 1 1 l(OPT)) increase 7^^=28 K to 
Tc=34 K for Lao.gYo.aFeAsOi^v (Lao.gYo.al 1 1 1) and r,=32 K 



LaFeAsOi_vH,(Lal 1 1 1(H)), respectively m 

In the normal state, the measurements of nuclear spin- 



relaxation rate l/Ti 115 111 revealed that the electron doping level 
in Lao.8Yo.2l 1 1 1 is close to that of Lai 1 1 l(OPT) where 1 /r, T 
decreases upon cooling without the development of AFM spin 
fluctuations Id. 



53I \54\ . confirming that the Y^^ substitution 
for La-*^ does not change the doping level. As a result, the rea- 
son that Tc increases in Lao.8 Y0.2 1 1 1 1 is not due to the change in 
its doping level, but because the structural parameters, such as 
the bond angle a of the FeAs4 tetrahedron and the a-axis length, 
approach each optimum value. By contrast, in Lai 11 1(H), 
the (1/T\T) is rather comparable with that for the underdoped 
LaFeAsO0.93F0.07 {Tc = 22.5 K) where \IT\T stays constantly 
upon cooling without the development of AFM spin fluctua- 
tions as well 15511 . These results imply that the Lai 1 1 1(H) is in 
an underdoped regime. 
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Figure 4: (color online) T dependence of ^^Fe-(7'i (Tc)/Ti ) normalized at Tj. in 
the SC .state of Lao 8Y0.2 1 1 1 1 and Lai 1 1 1(H), along with the results reported 
in the literature on BaK122 and Lai 1 ll(OPT) (56]. The multiple fully-gapped 
i+-wave model allows us to deduce the parameters for all compounds listed up 
in Table[T]through reproducing the T dependence of ^''Fe-(Ti{Tc)/Ti). 

Fig. |4]indicates the T dependence of ^^{T[(Tc)/Ti) normal- 
ized at flieir r,s. The ^\Ti{Tc)ITi) in La0.8Y0.2l 1 1 1 (7^^=34 
K) decreases as nearly ~ T"^ upon cooling below Tc, which 
diff'ers from either the T^ in Lallll(OPT) [53, 52] or the T^ 
in Bao.6Ko.4Fe2As2(BaK122) |56]. It is reinforced that a com- 
mon power-law like T dependence of l/Ti is not evident at all 



among Fe-based new superconductors. These results contrast 
with the behavior of 1 /Ti ~ T^ observed commonly in high-Tc 
cuprates which are the cZ-wave superconductor with line-node 
gap- 

Meanwhile, it was shown in the literature 115 611 that the re- 
laxation behaviors of both the T^ in Lai 1 1 l(OPT) 05 2115711 and 
the in Bao.6Ko.4Fe2As2(BaK122) [5^ are consistently re- 
produced in terms of the multiple fully-gapped s±-wave model. 
This model is also applicable for understanding the SC char- 
acteristics of Lao.8Yo2llll and Lai 11 1(H) as follows. In 
model A, respective Fermi surfaces (FSl and FS2) have an 
isotropic gap and an anisotropic gap denoted as A^'^' - Aq 
and A^^2(^) ^ + A,„,„)/2 + (Ac - A„„„)cos2<^/2 IstIi . 
In model B, both Fermi surfaces have the isotropic gaps as 
A'''^' = Al and A^'^^ - As. According to the model A(B) in 
the literature js^E^, a fraction of the density of states (DOS) 
at FSl is taken as NfsiKNfsi + Nfs2)^0A (0.7) and A™„ = 
0.25 Ao (As/A/,=0.35). Furthermore, the coherence factor is 
neglected on the assumption that the interband scattering be- 
tween the sign reversal gaps becomes dominant for the relax- 
ation process. In fact, the T dependence of ^''(Ti(Tc)/Ti) of 
Lao.8 Y0.2 1111 is consistently reproduced using model B with 
the parameters lAiIhgTc - 6.9(As/Al=0.35) and a smearing 
factor rj - 0.04A/,, as is shown by the solid line in Fig.|4] Here, 
the smearing factor (77/ A^) reflects a damping effect of quasi- 
particles due to impurity scattering. Notably, IAlIUbTc - 6.9 in 
Lao.8Yo.2l 1 1 1 is lai-ger than the 4.4 in Lai 1 1 l(OPT), reveahng 
that the Y substitution into Lai 111 increases Tc up to 34 K in 
association with a strong-coupling effect to mediate the Cooper 
pairs. Despite the fact that Y substitution introduces some dis- 
order as suggested by 77 (see Table [TJ in Lao.8Yo.2l 1 1 1 being 
larger than in Lallll(OPT), it is noteworthy that the strong- 
coupling effect enhances Tc. 



Table 1: Evolutions of SC gap (A/,) and smearing factor (;;) obtained from 
the analyses of '^''V&-{Ti(Tc) IT i) for Lao.8Yo.2ll 11 and Lai 11 1(H) assuming 
the multiple fully-gapped s± wave model, which was applied to BK122 and 
Lallll(OPT) |5(jl(see text). Here represents the larger gap in model B 
assuming two full gaps. The reflects a damping elfect of quasiparticles due to 
impurity scattering, so that the TjjrjQ represents the disorder effect introduced by 
Y or H substitutions, where ria is defined as that of Lai 1 1 l(OPT). The angle a 
of As-Fe-As bonding is evaluated from the a-axis length at room T and a fixed 
bond length of Fe-As ~ 2.41 A |49]. 





Tc 
(K) 


fl(A) 


l^dkBTc 
{r]I^D 




BaK122[45, 5&] 


38 


3.917 


9.4 


0.64 






(109.7) 


(0.015) 




Lao.8Yo.2llll 


34 


4.004 


6.9 


1.3 






(112.3) 


(0.04) 




Lai 11 1(H) 


32 


3.989 


-4.7 


-1.3 






(111.7) 


(-0.06) 




Lallll(OPT)|;56] 


28 


4.023 


4.4 


1 






(113.2) 


(0.5) 





As for LallllH, it is possible that ''\Ti(Tc)ITx) is also 
reproduced roughly in terms of model B with the parame- 
ters IhilksTc ~ 4.7 and 77 ~ 0.06Ai similar to those in 
Lallll(OPT), as shown by the solid line in Fig. H] De- 
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spite the fact that the electron carrier density is lower than in 
Lallll(OPT) and the disorder is significantly introduced into 
the Fe site, which is deduced from 77/770 ~ 1.3, the Tc is en- 
hanced up to 32 K. As a result, the reason that Tc increases in 
Lai 1 1 1(H) may be closely related to the slight increase of the 
SC gap as well. 

In the SC state, the measurements of l/Ti have revealed in 
terms of a multiple fully-gapped .s±-wave model that the SC 
gap and Tc in La0.8Y0.21111 becomes larger than those in 
La 11 11 (OPT) without any change of doping level, and the Tc 
in LallllH increases even though the carrier density is de- 
creased and some disorder is significantly introduced. As a con- 
sequence, it is highlighted that the reason that Tc is increased in 
both compounds is due to neither the change in doping level 
nor the development of AFM spin fluctuations, but because the 
structural parameters approach each optimum value to increase 
Tc for the bond angle a of the FeAs4 tetrahedron and the a-axis 
length. Systematic spectroscopies of SC property on Ln(ll 11) 
systems with Tc > 50 K are highly desired in the future in order 
to unravel the Fermi surface topologies and their relevance with 
SC gap structures. 

4. Concluding remarks 

The underdoped high-r^ cuprates revealing the uniform co- 
existence of AFM and SC are in the strong correlation regime 
which is unchanged even with mobile holes. This Mott physics 
plays a vital role for mediating the Cooper pairs to make Tc of 
HTSC very high. On the other hand, in iron-oxypnictides, the 
role of AFM interaction in Tc is even less clear and the correla- 
tion effect is not clearly visible experimentally ifssll . Rather, 
a large d - p hybridization in the 1111 family generates a 
large band-insulating-like pseudogap (hybridization gap). In 
this context, we remark that the stronger correlation in HTSC 
than in FeAs-based superconductors may make Tc higher sig- 
nificantly. 

This work was supported by a Grant-in-Aid for Specially 
Promoted Research (20001004) and by the Global COB Pro- 
gram (MEXT). 
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